Fractional 
Introduction
Fractional differential equations are applied to model wide range of physical problems including nonlinear oscillation of earth quakes [1] , fluid-dynamic traffic [2] , frequency dependent damping behavior of many viscoelastic materials, signal processing [5] and control theory [6] . Moreover, in several areas of applied mathematics [1,7e11] fractional differential equations are often used. These are also used in the study of epidemics, age-structured population growth [12] , automation, traffic flow and in many engineering problems. The basic motivation of this paper is to develop a Laguerre Wavelets Method (LWM) and combine it with the steps Method [13] to solve linear and nonlinear delay differential equations [4] of fractional-order. It is observed that proposed method is fully compatible with the complexity of such problems and is very user-friendly. The error estimates explicitly reveal the very high accuracy level of the suggested technique.
Laguerre Wavelets
Wavelets [2, 3, 5] constitute a family of functions constructed from dilation and translation of a single function jðxÞ called the mother wavelet. When the dilation parameter a and the translation parameter b vary continuously we have the following family of continuous wavelets as [10] j a;b ðxÞ ¼ jaj
If we restrict the parameters a and b to discrete values as a ¼ a 
where j k;n form a wavelet basis for L 2 ðRÞ. In particular, when a 0 ¼ 2 and b 0 ¼ 1, then j k;n ðxÞ form an orthonormal basis. The Laguerre wavelets j n;m ðxÞ ¼ jðk; n; m; xÞ involve four arguments n ¼ 1; 2; /; 2 kÀ1 ; k is assumed any positive integer, m is the degree of the Laguerre polynomials and it is the normalized time. They are defined on the interval ½0; 1Þ as
wherẽ
m ¼ 0; 1; 2; /; M À 1. In eq. (2) the coefficients are used for orthonormality. Here L m ðxÞ are the Laguerre polynomials of degree m with respect to the weight function wðxÞ ¼ 1 on the interval½0; ∞, and satisfy the following recursive formula
Modified Laguerre Wavelet Method (MLWM): In the present paper, we consider the Delay Differential Equation of the form
yðxÞ ¼ pðxÞ; Àb x 0:
where gðxÞ is a source term function, f ðyÞ is a given continuous linear or nonlinear function. According to the proposed method, first use the method of step to convert the delay differential equation (3) to inhomogeneous ordinary differential equation by using initial function, pðxÞ, Equation (3) implies
which is a fractional differential equation and The solution of the Equation (4) can be expanded as a Laguerre wavelets series as follows:yðxÞ ¼ P ∞ n¼1 P ∞ m¼0 c n;m j n;m ðxÞ;
where j n;m ðxÞ is given by the Equation (1). We approximate yðxÞ by the truncated series
c nm j n;m ðxÞ:
Then a total number of 2 kÀ1 M conditions should exist for determination of 2 kÀ1 M coefficients c 10; c 11 ; …:; c 1MÀ1 ; c 20; c 21 ; …; c 2MÀ1 ; …; c 2 kÀ1 0; c 2 kÀ1 1 ; /; c 2 kÀ1 MÀ1 .
Since two conditions are furnished by the initial conditions, namely
c nm j n;m ð0Þ ¼ pð0Þ;
c nm j n;m ð0Þ ¼ p 0 ð0Þ:
We see that there should be 2 kÀ1 M À 2 extra conditions to recover the unknown coefficients c nm . These conditions can be obtained by substituting Equation (4) in Equation (3);
We, now assume Equation (6) is exact at 2 kÀ1 M À 3 points x i as follows: 
The best choice of the x i points are the zeros of the shifted Laguerre polynomials of degree 2 kÀ1 M À 2 in the interval ½0; 1
that is
; where s i ¼ cos
Combine Equations (5) and (7) subject to the initial conditions uð0Þ ¼ 0; u ' ð0Þ ¼ 0:
The exact solution of the above system is uðtÞ ¼ t 2 : Table 2 shows the comparison of the absolute error between exact solution and approximate solution for M ¼ 5; and k ¼ 1 by Modified Laguerre Wavelet Method (MLWM). The exact solution of the above system is yðxÞ ¼ e Àt : Table 3 The exact solution of the above system is uðtÞ ¼ cosðtÞ: Table 4 shows the comparison of the absolute error between exact solution and approximate solution for M ¼ 5; 10; 20 and k ¼ 1 by Modified Laguerre Wavelet Method (MLWM). e g y p t i a n j o u r n a l o f b a s i c a
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